This experiment was conducted to study the effect of probiotic supplement (contains Aspergillus awamori) on performance, egg production, egg quality and serum blood characteristics of quails. A total of 135 laying Japanese quails were randomly assigned to one of five treatments with three replicates (n = 9 quails per replicate). The experimental treatments were: the 1 st group received a layer basal diet without supplement and served as control. The 2 nd , 3 rd , 4 th and 5 th groups were fed the control diet supplemented with 250, 500, 750 and 1000 mg Tomoko ® (contains Aspergillus awamori)/Kg diet for 12 weeks through summer season. Results indicated that the supplementation of 750 and 1000 mg Aspergillus awamori/kg diet recorded a significant (P≤0.05) improvement in egg production by 8.4 and 14.9 % and eggs mass/hen/day (P≤0.05) by 5.0 and 10.7 %, respectively, as compared to the control. However, aforementioned groups improved feed conversion ratio, but differences were not significant compared to the control. No significant differences were observed in feed consumption and most of studied egg quality (egg, yolk and albumen weights, shell percentage, egg specific gravity, albumen index, and yolk index) among treatments. Laying quails fed with 1000 mg of Aspergillus awamori improved albumen height. Inclusion of Aspergillus awamori led to a greater egg shell weight, whereas egg shell thickness was improved in supplemented groups with 250, 500 and 750 mg Aspergillus awamori/kg diet as compared to the control. Yolk total lipids and total cholesterol was decreased significantly and the lowest value was observed in group given 1000 mg Aspergillus awamori/kg diet. Also, birds fed different levels of Aspergillus awamori in diet had serum low density lipoprotein values significantly (P≤0.05) lower than the control. Malondialdehyde (MDA) level of Aspergillus awamori supplemented groups was significantly lower than the control. However results showed insignificant increase in total antioxidant capacity and significant (P≤0.05) increase in glutathione peroxidase in the Aspergillus awamori groups. In conclusion, the results showed that supplementation of probiotic contains Aspergillus awamori improves performance, egg production, and antioxidant status as a feed additive in the diet of laying quails under summer conditions.
INTRODUCTION
Heat stress is a prime consideration in poultry production systems and has a profound effect on animal health and productivity (Humphrey, 2006) . Heat stress has been shown to influence bird physiology and induce multiple physiological disturbances, such as systemic immune dysregulation, endocrine disorders and electrolyte imbalance (Sohail et al., 2010; Sohail et al., 2012) . As the heat load increases, the rise in body temperature results in tissue damage by heat stress-induced production of reactive oxygen species (ROS) (Khan et al., 2012) . Reactive oxygen species, which are produced in mitochondria under physiological conditions, are essential for the body to function (Khan et al., 2012) ; i.e., defense against infectious agents, functioning of cellular signaling systems, and induction of the mitogenic response (Valko et al., 2007) . However, ROS are neutralized by the antioxidant system in the physiological state because a higher level of ROS production is potentially harmful to the maintenance of homeostasis (Surai, 2002) . Intracellular, ROS are removed by antioxidant enzymes. The most important antioxidant enzymes, which act as catalysts in many important reactions related to antioxidant defense, are glutathione peroxidase (GPX), catalase (CAT), and superoxide dismutase (SOD). These enzymes are localized in the cytosol or mitochondria (Ercal et al., 2001; Pinto et al., 2003) .
In recent years, some reports have indicated that heat stress negatively affects intestinal mucosa and microbiota (Burkholder et al., 2008; Quinteiro-Filho et al., 2010) . Mucosal defense mechanisms in the small intestine are able to maintain a crucial barrier to microbial invasion yet allow efficient nutrient absorption (Elphick and Mahida, 2005) . Damage to the mucosal epithelium can directly affect its barrier function. Conversely, alteration of this protective barrier may leave the host more susceptible to colonization by enteric pathogens (Durant et al., 1999) . The intestinal bacterial populations have an important physiological and pathological effect on host. Stable intestinal microflora can protect the host from pathogen colonization by competing for epithelial binding sites and nutrients, strengthening the intestinal immune response, and by producing antimicrobial bacteriocins (Burkholder et al., 2008) . Recent research has focused on the effects of probiotics as functional feed additives to influence bird performance, intestinal microarchitecture, and microbial profiles (Fuller, 1989) . The use of probiotics has also been proven beneficial in alleviating the adverse effects of heat stress (Eid et al., 2003 (Eid et al., , 2008 Lin et al., 2006; Sahin et al., 2009) . Kaminishi et al. (1999) reported that several strains of Aspergillus produce antioxidative substances. Yokoyama et al. (2001) described detailed identification, classification and phylogeny of the Aspergillus family. Aspergillus awamori, which is called "koji" in Japan and has been used for the processing of shochu (a major distilled liquor in Japan). The products containing Aspergillus awamori have been given GRAS (Generally Recognized as Safe) status from the Food Drug Administration (Bigelis and Lasure, 1987) . Quite a few researches have shown the beneficial effects of probiotic in birds exposed to high temperature (Sohail et al., 2010; Deng et al., 2012; Zeweil et al., 2015) . Therefore, the aim of the current study was to assess the effects of probiotic feed additive containing Aspergillus awamori on laying performance, egg quality and blood serum lipids of Japanese quail under summer condition in Egypt.
MATERIALS AND METHODS
The present study was carried out at the Poultry Research Laboratory, Department of Animal and Fish Production, Faculty of Agriculture (Saba Basha), Alexandria University, Egypt. The experiment was conducted in summer season and temperature was ranged from 25 -30 C. A total of 135 laying Japanese quail hens, which had been in production for 12 weeks, were randomly distributed into five treatments with three replicates of 9 quails in each in a completely randomized design. The birds were selected on the basis of more than 70 % egg production rate after a two-week observation period. The quails were then fed 1 of 5 diets: a layer basal diet with no supplement and served as control and basal diet supplemented with 250, 500, 750 and 1000 mg/ kg Tomoko® which contains 12.5×10 4 , 25×10 4 , 37.5×10 4 and 50×10
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Aspergillus awamori spores/kg diet respectively. Tomoko is the product of Biogenkoji Research Institute -876-15 Mizobe, Kagoshima, Japan. The basal diet was formulated to meet the birds dietary nutrient requirements (NRC, 1994) . The composition of basal diet is shown in Table  1 . All quails were reared in wire batteries under the same managerial, hygienic and environmental conditions. Feed and water were available ad libitum and light regimen was of 16 h of light (16L: 8D) for three months from July to September. Body weight and feed consumption were recorded weekly. Feed conversion ratio was calculated (g feed / g egg). Egg production, number of eggs, egg weights and mortality rate were monitored daily. Egg quality measurements were conducted using an average of 21 eggs from each treatment and were performed through two consecutive days per month. Shell thickness was determined from measurements of the mean thickness at three locations on the egg (air cell, equator and sharp end) using a dial pipe gauge (Mitutoyo, 0.01-20 mm, Tokyo, Japan). Yolk cholesterol was determined by nine eggs from each treatment and measured by the method of Folch et al., (1956) as modified by Washburn and Nix (1974 AOAC (2005) . Data were analyzed by analysis of variance using the general linear model procedure (Proc GLM; SAS Institute, 1996) . For the overall means, data was classified according to 5 treatments and the mean of each treatment was used. Differences among means were determined using Duncan test (Duncan, 1955) .
RESULTS AND DISCUSSIONS
As shown in Table 2 , dietary supplementation of probiotic Aspergillus awamori at level 750 and 1000 mg caused a significant (P≤0.05) improvement in egg production by 8.4 and 14.9 % and egg mass/hen/day by 5.0 and 10.7 %, respectively, as compared to the control. Body weight gain and egg weight of laying quails fed supplemented diets was not significantly affected by treatments. Probiotic inclusion did not influence the egg weight significantly; this was in agreement with Chen (2003) . Balevi et al. (2001) were fed commercial multi strain probiotic to 40-week-old layers and showed no statistically significant differences in egg production and egg weight compared with the control. It should be pointed out that any gain in body weight after commencement of egg production should be minimal as the hen is essentially, at its mature body weight. Kurtoglu et al. (2004) showed significant increase in egg production by probiotic supplementation were seen on days 60-90 of their experiment and this may refer to better utilization of feed ingredients as affected with the action of Aspergillus awamori .
It could be noticed that egg weight did not decline by the increase of egg production as a result of adding Aspergillus awamori supplementation in laying quails diets. These results are in agreement, more or less, with those of Zeweil et al. (2010) and Abdel-Azeem (2005) , who indicated that egg production, egg weight and egg mass were improved in laying hens fed on probiotic-supplemented diets. The significant improvement in laying rates for birds given supplemented diets with Aspergillus awamori may due to the enzymes secreted by Aspergillus awamori fungi in birds gut which improve and maximize the utilization of feed components, also enabled the good bacteria to compete against the colonization of the E. coli resulting in a better performance due to affecting the intestinal pH (Mountzouris et al., 2007) . Similer results using bacteria as probiotic obtained by Higgins et al. (2008) where oral administration of 10 6 or 10 8 cfu of Lactobacilli based probiotic significantly reduced salmonella enteritis disinfection but lower dosage of the probiotic had no effect on the bacteria. The positive effect of Tomoko supplementation, observed in the present study is in agreement with the result obtained by Alloui et al. (2013) .
No significant differences were observed in feed consumption among treatments. The results showed that the supplementation of 750 and 1000 mg Aspergillus awamori / kg diet improved feed conversion ratio, but differences were not significant compared to the control. This result agreed with that reported by Mahdavi et al. (2005) who found that using the different levels of probiotic had no significant effects on feed consumption and feed conversion ratio.
Egg quality measurements (egg, yolk and albumen weights, shell percentage, egg specific gravity, albumen index, and yolk index) didn't affected by Aspergillus awamori probiotic supplementation (Table 3) . Laying quails fed with 1000 mg of Aspergillus awamori improved (P≤0.05) albumen height. Inclusion of Aspergillus awamori led to a enhancing egg shell weight compared to control. Egg shell thickness in all treatment was higher than control and this showed the positive effects of Aspergillus awamori probiotic supplementation during summer condition. Hosseini et al. (2006) reported that addition of yeast in commercial layer hen diet had not any positive effect on egg shell thickness and egg shell quality. Mahdavi et al. (2005) realized that using the different levels of probiotic had no significant effects on shell thickness. Similarly, Asli et al. (2007), Simeamelak et al. (2013) who stated that egg quality parameters was not significantly difference in the treatments received different levels of probiotic microorganisms, as compared to the control. However, Yousefi and Karkoodi (2007) , reported improvement in egg quality, as a result of addition of 100 to 750 mg of probiotic microorganism /kg to feed. Güçlü (2011) reported that supplementation of 0.5 kg/ton probiotic improved (P≤0.05) egg shell thickness. However, Aspergillus awamori supplementation to the diets had insignificant effects on egg weight, egg specific gravity, albumen index and yolk index, on other words, none of the egg quality parameters were negatively affected with the inclusion of Aspergillus awamori in diets comparing to the control.. It was notably, that significant differences were existed among dietary treatments in the yolk total lipids and total cholesterol which recorded the lowest significantly (P≤0.05) values in the group given 1000 mg Tomoko/ kg diet (Table 4) . The decrease reached to 24.6 for total lipids and 9.1 % for total cholesterol in comparison with the control group. The reduction in serum cholesterol and total lipids due to feeding Aspergillus awamori may be due to its metabolic role in the transportation of long chain fatty acids into the metaconderial matrix or β-oxidation (Bremer, 1983) . The mechanism underlying the cholesterol-lowering effect of Aspergillus could be related to an inhibitor of 3-hydroxyl-3-methylglutarylcoenzyme (HMG-CoA) reductase. It is well known that an HMG-CoA reductase inhibitor (statin) was extracted from a fungus (Endo, 1985) . Li et al. (2011) showed significant decrease in egg yolk triglycerides and total cholesterol in the group of laying hens fed diet containing probiotic composed of Bacillus subtillus as compared to the control group. Other researchers observed also beneficial effects of the tested probiotic on egg quality such as a lower cholesterol content, (Awaad et al., 2005; Mikulski et al., 2012) .
The effect of Aspergillus awamori on some blood constituents of laying Japanese quails are presented in Table (5) . The studied serum constituents (total protein, albumin, globulin, cholesterol, high density lipoprotein and total lipids) for laying Japanese quails fed Aspergillus awamori diets were not significantly affected except of serum low density lipoprotein. Feeding laying quails on Aspergillus awamori supplemented diets resulted in significantly (P≤0.05) lower low density lipoprotein value than those fed the control diet. The results of LDL are consistent with previous results (Saleh et al., 2012) indicating that A. awamori feeding increases the mRNA levels of FAS, ACC and delta-6 desaturase in chickens. On the other hand, obtained results were in disagreement with those presented by AboMahara (2015) who illustrated that probiotic reduced total cholesterol levels in blood serum as compared to the control group in Japanese quail. Li et al. (2011) showed significant decrease in blood cholesterol in the laying hens fed probiotic diet containing Bacillus subtillus as compared to the control group.
The results presented in Table 5 showed none significant increase in serum total antioxidant capacity in all treated groups compared to control. However, the levels of serum glutathione peroxidase appeared to antagonize the effect of high temperature during summer with significant increase escpecially in the high levels comparing to control group. Heat stress causes increased free radical production (Halliwell and Gutteridge, 1989) and lower the concentrations of antioxidant vitamins and minerals such as E, C, A and Zn in serum and tissues (Sahin and Kucuk, 2003) . Free radicals trigger the metabolic disorder, cell death and growth retardation (Okada, 1996) .
By using MDA as a marker of the oxidative stress, we studied the effect of summer conditions and Aspergillus awamori supplement on lipid peroxidation in serum. Exposing laying Japanese quail hens to high temperature conditions during summer season resulted in elevated (P≤0.05) serum MDA as compared to the control group (Table 5) ; however, supplementation of Aspergillus awamori to antagonize this effect. Stress leads to a generation of free radicals which can damage cell membranes by inducing lipid peroxidation of polyunsaturated fatty acids in the cell membrane (Luadicina and Marnett, 1990) , destroying membrane integrity during stress. Results of Li et al. (2011) showed significant decrease in blood MDA in the group of laying hens fed diet containing Bacillus subtillus as compared to the control group.
CONCLUSION
The results of the present study suggests that (Aspergillus awamori) as probiotic supplementation offers a feasible way to reduce the losses in performance, improves egg production and oxidative status of Japanese quail reared under summer conditions. * Concentrate : ME (K cal/kg) 2870, Crude protein 50%, Crude fiber 1.51%, Crude fat 1.54%, Calcium 4.29%, Phosphorus 2.39%, NaCl 0.8%, Methionine 4.6%, Methionine & Cystine 5.38%, Lysine 3.90%. ** Each kg of vitamin and minerals mixture contained: Vit. A, 4,000,000 IU; Vit. D3, 500,000 IU; Vit, E, 16.7 g., Vit. K, 0.67 g., Vit. B1, 0.67 g., Vit. B2, 2 g., Vit. B 6, .67 g., Vit. B12, 0.004 g., Nicotinic acid, 16.7 g., Pantothenic acid, 6.67 g., Biotin, 0.07 g., Folic acid, 1.67 g., Choline chloride, 400 g., Zn, 23.3 g., Mn, 10 g., Fe, 25 g., Cu,1.67 g., I, 0.25 g., Se, 0.033 g. and,Mg, 133.4 g. 1 According to NRC (1994) . 
